Experiments were performed in an attempt to make thin n+ contacts on high-purity germanium by the solid phasel epitaxial regrowth of arsenic doped amorphous germanium. After cleaning the crystal surface with argon sputtering and trying many combinations of layers, it was not found possible to induce recrystallization below 673K. However, it was found that simple thermally evaporated amorphous Ge made fairly good electron or hole blocking contacts. Excellent spectrometers have been made with amorphous Ge replacing the n+ contact.
INTRODUCTION
Typically high-purity Ge detectors are made using a metal Schottky barrier on one surface and a lithium n+ layer on the opposite side. These contacts are compatible with the need to use only low-temperature processes (< 673K) in order to preserve the quality of the starting crystal. In general, these contacts have proven to be adequate for most detector applications although a more rugged contact than a metal Schottky barrier would be desirable. However, the recent demand for high-purity Ge detector telescopes for use as high-energy charged particle spectrometers has focussed attention on the weaknesses of the lithium diffused contact: 1) the contact as initially made is thick enough to be only marginally suitable from the point of view of energy resolution and 2) the neutron background which is normally present in high-energy particle experiments produces damage which must be annealed periodically at about 373K, and this treatment further thickens the lithium contact.
In 1) c-Ge, As, a-Ge 2) c-Ge, a-Ge, As, a-Ge 3) c-Ge, As, a-Ge, As 4) Evaporation of As-doped Ge alloys which form, by fractionation, c-Ge, As + a-Ge, (i.e., a graded alloy).
where c and a indicate the crystalline and amorphous phases respectively. The germanium and germanium alloys were thermally evaporated from a carbon boat and the As from a Al 203 boat. All evaporations were carried out in an oil diffusion pump system with a liquid nitrogen trap at < 10-6 Torr pressure. The germanium crystal was cleaned with 1% HF in H20 just before evaporation and could also be sputtered in situ with argon ions.
All attempts to induce recrystallization from the germanium bulk at < 673K proved unsuccessful. The evaporated layers all exhibited high resistivity after prolonged heating at 673K and the lack of crystallization was confirmed by alpha backscatter measurements. However, all samples showed a slight n-type thermoelectric effect at room temperature. Diodes were fabricated from these samples by forming a Pd Schottky barrier on the back side and covering the amorphous layer with an evaporated metal (Al, Cr or Pd) to reduce the spreading resistance.
Despite the lack of crystallization of the layer, it was found that the amorphous layer made a fairly good blocking contact at 77K with leakage currents in the range of 10-6 to 10 8 A for a 10 cm2 contact area with an electric field of about 1000 V cm-1 at the p-type germanium amorphous junction.
UNDOPED AMORPHOUS GERMANIUM CONTACTS
Further experiments showed that simple evaporated germanium layers made even better blocking contacts than doped and heat treated layers. Figure 1 shows the I-V characteristics of two diodes madeoby evaporating first 5000 A germanium and then 500 A aluminum on one side of a 10 cm2 slice of high-purity germanium and 500 X of Pd as the other contact. The n-type device is 8 mm thick and the p-type 10 mm. The arrows on the curves indicate where full depletion occurred as measured by the C-V characteristic. Figure 2 shows a combined 60Co and 24 'Am alpha spectrum taken on the p-type device of Fig. 1 . The FWHM of the 1.33 MeV°C o line is 2.1 KeV while the Am alpha line exhibits 120 KeV resolution. The line width for the alpha particle peak is consistent with a dead layer of 5000 A of amorphous germanium.
Other experiments were carried out on devices employing a lithium-diffused back contact on n-type germanium. Here the amorphous layer plays the role o£ a hole blocking or p-type contact. The results were similar to the n-type or electron blocking case. (-10-" A for 10 cm2 device) for fields of a few hundred volts per cm, but at higher fields there is a great variation from one evaporation to another. this observation seems to be in contradiction to the idea that the high density of gap states makes the properties of amorphous Ge independent of impurities. However, as can be seen in Fig. 1 , the leakage current rises steadily from fairly low voltages whether the depletion region starts from the amorphous layer or the Schottky barrier. One explanation for this phenomenon may be that surface currents are dominant.
Experiments with guard-ring structures which will allow the separation of contact and surface cootributions to the reverse current are in progress. Pre- liminary experiments using a lithium-diffused guard ring at the perifery of the amorphous contact show that these devices have greatly reduced leakage currents at high voltage.
CONCLUSION
It has been shown that potentially useful blocking contacts can be made with amorphous germanium on high-purity germanium. These can act as replacements for lithium diffused layers in some detector applications. While the leakage currents achieved are not nearly as good as with lithium junctions, they may be adequate for those charged-particle detectors where the high-energy resolution of X-ray or gamma-ray detectors is not needed. Experiments are in progress to determine the reproducibility of the amorphous contact and to determine its long-term stability.
